Abstract: The Hypocrealean epibiont of Baccharis coridifolia has been shown to synthesize de novo a series of macrocyclic trichothecene antibiotics, such as roridin A, roridin E, verrucarin A and verrucarin J. The structures of the compounds were determined by spectroscopic methods ( 1 H-and 13 C-NMR and FABMS).
Introduction
Baccharis coridifolia DC., a herbaceous shrub (called mio-mio or romerillo) is one of the most poisonous plants to herbivorous mammals. Poisoning of livestock by ingestion of B. coridifolia, the major toxic plant in southern Brazil, Uruguay and Argentina, is due to the accumulation of highly toxic trichothecene substances (roridins and verrucarins) (Habermehl et al.,1985 [9] ; Jarvis et al.,1987 [13] ). This finding was of great mycological interest because these macrocyclic trichothecenes are mycotoxins typically produced by cultures of Myrothecium roridum Tode ex Fr. and M. verrucaria (Alb. & Schw.) Ditm. ex Fr. (Jarvis et al.,1988 [11] ; Boldt, 1989 [3] ).
Although the presence of toxins is currently attributed to the plants, and was implicated in the regulation of seed germination in B. coridifolia (Kuti et al., 1990 [14] ), the possible involvement of fungi in production of these toxic metabolites has not been conclusively ruled out.
During a survey of the fungal flora on B. coridifolia we have recently detected a fungal epibiont intimately associated with the meristem of the plant (Bertoni et al.,1997 [1] ). It was determined through comparison of the 18S rDNA sequence to be a member of the Hypocreales. Hypocrealean fungi (e.g., Fusarium and Myrothecium) are known to produce trichothecenes (Sharma and Salunkhe, 1991 [16] ). This fact prompted us to study the trichothecenes production by the Hypocrealean epibiont of B. coridifolia.
Materials and Methods

General methods
Nuclear magnetic resonance (NMR) spectra were recorded in CDCl 3 on Bruker ACE 200 and AM 500 spectrometers. Carbon substitution degrees in 13 C-NMR spectra were established by DEPT multiple sequence. Fast atom bombardment mass spectra (FABMS) were measured in a VG-ZAB spectrometer. Analytical and preparative thin layer chromatography (TLC) was performed on silica gel 60 F 254 Merck plates (Cl 2 CH 2 : acetone, 93 : 7) and visualized by UV fluorescence and by spraying with H 2 SO 4 .
Plant material
Plants of B. coridifolia were grown in a greenhouse from seeds harvested from populations in Santa Maria (Rio Grande do Sul, Brazil); Curuz Cuatiµ (Corrientes Province, Argentina) and Gualeguaych (Entre Ríos Province, Argentina).
Meristem culture and epibiont isolation
The end tips (approximately 5 cm long) of young stems were removed from greenhouse-maintained plants and carefully washed under running tap water. Surface sterilization was accomplished by washing for 3 min in 70 % ethanol, followed by immersion in sodium hypochlorite (1.5 %) for 20 min and rinsing four times in sterile distilled water. Subsequent procedures were conducted aseptically. Stem tips were freed from their external leaves under a dissection microscope; the meristematic region was exposed with the first and second pair of leaf primordia included. The material was placed in Petri dishes with 2 % water agar. The cultures were incubated at 23 ± 24 8C, under continuous light, in a growth chamber for 30 days. After that period, the fungal mycelium of the epibiont that emerges from the meristem was isolated (Bertoni et al., 1997 [1] ).
Media for trichothecenes production
The inoculum (blocks of mycelium) of Baccharis epibiont (BAFC Cult. N o 699) was first grown out into 125-ml Erlenmeyer flasks containing 25 ml of medium (15.6 g of glucose, 10 ml/L of corn steep liquor). After 30 days with shaking (120 rpm), 5 ml of medium were transferred to 50 ml (in 250- 
), which is particularly effective for producing macrocyclic trichothecenes (Jarvis et al., 1987 [13] ).
Extraction of trichothecenes and chemical analysis
The mycelia were separated from the culture broth by filtration and the aqueous filtrates extracted with EtOAc (3 25 ml) and evaporated. The mycelia remaining from filtration were soaked in MeOH overnight and filtered. The MeOH filtrate was concentrated until only an aqueous phase remained, which was extracted as described above. The EtOAc extracts were pooled, concentrated and analysed for trichothecenes by TLC. This material was subjected to vacuum-dry column chromatography on silica gel H using cyclohexane, cyclohexane±acetone mixtures with increasing amounts of acetone and finally MeOH. Fractions of 100 ml were collected and analysed by TLC.
Fractions 7 and 8, containing trichothecenes, were pooled and purified by silica gel column chromatography (32 ± 63 mm) eluting with Cl 2 CH 2 and then Cl 2 CH 2 ±MeOH (98 : 2), to give compound 1 (9.7 mg) and a fraction which was finally purified by preparative TLC to give compounds 2 (12.5 mg), 3 (2.9 mg) and 4 (2.7 mg).
Roridin A (1)
Amorphous white solid.
1 H-NMR, 13 C-NMR in agreement with literature data (Böhner and Tamm, 1966 [2] ; Breitenstein and Tamm, 1975 [4] ). [17] ; Jarvis and Wang, 1999 [12] [8] ; Breitenstein and Tamm, 1978 [5] ). FABMS: m/z 485 [M+H] + .
Results
Culture filtrates of the fungal epibiont of Baccharis coridifolia were extracted with EtOAc according to a procedure previously described (Jarvis et al., 1987 [13] ). The crude EtOAc extract showed the presence of macrocyclic trichothecenes on TLC comparison with a purified mixture of these toxins isolated from the fungus Myrothecium verrucaria (Isaka et al., 1999 [10] ) and an authentic sample of verrucarin A. The EtOAc extract was subjected to subsequent chromatographic procedures to isolate roridin A (1), roridin E (2), verrucarin A (3) and verrucarin J (4) (Fig. 1) . Structural elucidation of compounds 1 ± 4 was based on 1 H-NMR and 13 C-NMR data, FABMS and comparison with literature data. These four trichothecenes are commonly detected in B. coridifolia plants.
Discussion
The Baccharis epibiont (Hypocrealean fungus) inhabits the epibiotic niche on meristems and is thus comparable to the epibiotic members of the Clavicipitaceae (Hypocreales). Among the Clavicipitaceae are examples of epibiotic species that grow on meristematic tissues of grasses, e.g., Balansia pilulaeformis (Berk. & Curt.) Diehl and Myriogenospora atramentosa (Berk. & Curt.) Diehl (Clay and Frentz, 1993 [7] ; White and Glenn, 1994 [18] ). Members of this family have a significant impact on their hosts. Animals that consume Clavicipitaceae-infected plants often develop toxic syndromes due to the metabolites produced by the fungi (Lyons et al., 1986 [15] ). This association has been referred to as a defensive mutualism, since compounds from the fungal symbiont are known to deter consumption of infected plants by insects, mammals, and may improve resistance to fungal pathogens (Clay, 1988 [6] ).
We could consider the Hypocrealean epibiont of B. coridifolia, as similar to the epibiotic species of grasses. It is consistently isolated from the meristems of the plant (Bertoni et al., 1997 [1] ), and has the capacity of macrocyclic trichothecenes production, as detected in this investigation. Moreover, the position of the epibiont on meristems places it in an ideal location for colonizing all surfaces of the mature plant, including foliage, stems and seeds, where macrocyclic trichothecenes were detected.
Although these results could suggest that the epibiont may be involved in the trichothecene production, currently attributed to the plant, the relationship between the epibiont of Baccharis and the plant toxicity still remains uncertain. This paper reports a new Hypocrealean fungus, associated to the meristem of B. coridifolia, capable of macrocyclic trichothecenes production.
